Although vocabulary tests are generally considered interchangeable, regardless of format, different tests can have different relations to age and to other cognitive abilities. In this study, four vocabulary test formats are examined: multiple-choice synonyms, multiple-choice antonyms, produce-the-definition, and picture identification. Results indicate that, although they form a single coherent vocabulary knowledge factor, the formats have different relations to age.
reflects not just what is common about vocabulary knowledge, but also what is unique to the specific format. Understanding the differences among formats may provide researchers with better tools for interpreting and critiquing results based on a single format.
4.
It may be possible to identify the vocabulary test format that most closely matches the average or typical vocabulary test. Researchers may then be more confident that results based on that single indicator are accurate representations of the role of vocabulary knowledge.
In this study, we address each of these issues using four types of vocabulary tests: a locally developed multiple-choice synonyms test (Salthouse, 1993) , a locally developed multiple-choice antonyms test (Salthouse, 1993) , the WAIS-III produce-the-definition Vocabulary test (Wechsler, 1997a) , and the Woodcock-Johnson Revised (WJ-R) picture identification Picture Vocabulary test (Woodcock & Johnson, 1990) . We first examine the magnitude of differences in the formats' relations to age. We then attempt to identify sources of the differential age relations by examining relations to other cognitive abilities. The cognitive variables form the basis of a mediational approach, in which we examine whether the differential relations to other cognitive abilities account for the differential age relations. Finally, we offer interpretations of these findings in terms of the four issues described above.
Method

Participants
The data were obtained from 3512 persons who participated in one of eighteen previously published studies by Salthouse and colleagues in which at least two vocabulary tests were administered (Hambrick, Salthouse, & Meinz, 1999, Studies 1, 2, 3 and 4; Meinz, & Salthouse, Vocabulary Format 6 1998; Salthouse, 1996; Salthouse, 2001a, Studies 1 and 2; Salthouse, 2001b; Salthouse, Atkinson, & Berish, 2003; Salthouse & Ferrer-Caja, 2003; Salthouse, Fristoe, McGuthry, & Hambrick, 1998, Study 2; Salthouse, Hambrick, Lukas, & Dell, 1996, Study 2; Salthouse, Hancock, Meinz, & Hambrick, 1996, Study 3; Salthouse, McGuthry, & Hambrick, 1999; Salthouse et al., 2000, Study 2; Salthouse, Toth, Hancock, & Woodard, 1997; Siedlecki, Salthouse, & Berish, 2005) . Participants ranged in age from 18 to 98 (M = 49.5, SD = 17.2).
Health and education levels of the participants are presented in Table 1 .
Procedures
In each study, participants were administered at least two vocabulary tests, as well as a number of other cognitive tasks that varied across studies. A selection of these cognitive tasks was made, with a goal of having several tasks in a number of broad cognitive abilities. A task was selected only if it was used in at least two studies. Eighteen tasks met the selection criteria, resulting in four broad cognitive abilities: Reasoning, Spatial Visualization, Memory, and Speed. 1 A short description of each task is given in Table 2 . We describe the broad cognitive abilities in terms of Carroll's (1993) taxonomy: Reasoning consists of five inductive reasoning tasks; Spatial Visualization consists of three general visualization tasks; Memory consists of two free recall tasks and one associative memory task; and Speed consists of three perceptual speed tasks. produce-the-definition items. Participants are given a target word, and asked to define the word.
Vocabulary tests
Complete definitions are given an item score of 2, while incomplete definitions are given a partial credit item score of 1. Total score is the sum of the item scores. Scores on WAIS Voc were divided by 2 to maintain consistency with the other tests.
The WJ-R Picture Vocabulary (abbreviated WJ Pic Voc) test consists of 58 items on which the participant is presented a picture and responds with the name of the object depicted.
To minimize testing time, only the final 30 items were administered. Responses are scored either correct (score = 1) or incorrect (score = 0). Total score is the sum of the item scores.
Results
For all results described in this article, alpha was set to .01. All structural equation models were estimated in AMOS (Arbuckle, 2006) using full information maximum likelihood estimation (Wothke, 2000) , which allows for the analysis of incomplete data that is missing at random (Little & Rubin, 2002; McArdle, 1994) . In order to maintain consistency in the vocabulary test scoring, all vocabulary scores were converted to z-scores based on the mean and standard deviation for the 739 persons who had complete data on all four tests. Fit of the four vocabulary tests to a single vocabulary factor was good (RMSEA = .037), and all standardized factor loadings were high (Synonyms: .94; Antonyms: .93; WAIS Voc: .87; WJ Pic Voc: .81).
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Age relations
Age was positively related to scores on all four vocabulary tests, although the magnitude varied (all correlations equated: X 2 = 124, df = 3, p < .01). Synonyms (r = .27) and WJ Pic Voc (r = .26) were not significantly different in their correlation with age (X 2 = 0.7, df = 1, p = .40). WJ Pic Voc and Synonyms had stronger relations with age than Antonyms (r = .18; constrained equal to WJ Pic Voc and Synonyms: ΔX 2 = 70, Δdf = 1, p < .01), which in turn was more strongly related to age than WAIS Voc (r = .09; constrained equal to Antonyms: ΔX 2 = 17, Δdf = 1, p < .01). However, as shown in Figure 1 , the age relations of all four tests were nonlinear and similarly shaped.
We fit a linear-linear spline model with fixed knot point to each of the vocabulary tests (Cudeck & Klebe, 2002) . The linear-linear spline model consists of two linear trends, one before the knot point (linear growth), and one after (linear decline). We initially estimated the knot point separately for each vocabulary test, but to maximize comparability, we fixed the knot point at age = 58, which was the approximate mean value and within the 95% confidence interval for all four tests. We also considered a quadratic growth curve, but opted for the linear-linear spline because it has easily interpreted parameters (growth and decline rates) that can be compared separately across the formats, and because it fit at least marginally better than a quadratic model for all four tests using the same number of parameters.
WJ Pic Voc has the strongest growth rate (.036 SDs per year before the knot point),
followed by Synonyms (.030), Antonyms (.025) and WAIS Voc (.019). WJ Pic Voc also had the strongest decline rate (-.033), followed by WAIS Voc (-.025), Antonyms (-.020), and Synonyms (-.015). All age trends were different; equating the curves yielded a significant loss in fit compared to allowing all to be free (ΔX 2 = 147, Δdf = 6, p < .01). Furthermore, equating any two A second possibility is that the tests vary in average difficulty, and they differ in their age relations because of difficulty variations rather than differences between the formats (Bowles, Grimm, & McArdle, 2005 Figure 2 , within test format, there was consistency in the age point-biserial across item difficulty within tests. Furthermore, a regression of the point-biserial on item difficulty was not significant for any test.
A third possibility is order effects. Age relations may be, for example, stronger for later presented tests due to such irrelevant factors as age differences in rates of test fatigue. There was no consistent order of tests across studies with one exception: Synonyms was administered immediately before Antonyms. Thus, the age differences are unlikely to result from order effects.
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Relations to other cognitive abilities
The baseline model we employ is displayed in Figure 3 . In order to assess relations of the vocabulary tests to other cognitive variables, we developed a factor analytic measurement model with five broad cognitive abilities, Vocabulary, Reasoning, Spatial Visualization, Speed, and Memory, and one higher order factor loading on Reasoning, Spatial Visualization, Speed, and
Memory, and correlating with Vocabulary. Global fit statistics for this model were not available because of the complex pattern of missing data, which did not allow for the estimation of a fully saturated model because some pairs of tests were never administered at the same time. However, all factor loadings on the broad cognitive abilities were positive and large, ranging from .74 to .90. The higher order factor was indistinguishable from Reasoning; the standardized factor loading was greater than one, and so we constrained the standardized factor loading to 1. For convenience, we name the higher order factor General Fluid Abilities (GFA), although we make no claim that it is identical to Horn and Cattell's Gf. Factor loadings for the other cognitive abilities on GFA were: .89 for Spatial Visualization; .80 for Memory; and .79 for Speed; the correlation with Vocabulary was .44.
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We then examined relations between the individual vocabulary tests and the broad cognitive abilities by adding paths from, in turn, GFA, the Spatial Visualization residual, the Table 3 and illustrated in Figures 4 through 7.
We then developed a mediation model to examine whether the differential age relations can be accounted for by the differential relations to other cognitive variables. For example, does WAIS Voc have a different relation to age than the other three vocabulary tests because it is more strongly related to both GFA and Memory? If so, after including indirect effects of age through GFA and Memory, the direct effects of age should be identical to the direct effects of age for the other three vocabulary formats. We added to the measurement model in Figure 3 the SDs over 40 years).
As summarized in Table 3 , the tests had different relations to other cognitive variables.
Compared to the multiple-choice synonyms test, WJ-R Picture Vocabulary was more strongly related to Spatial Visualization and negatively related to speed, the multiple-choice antonyms test more strongly related to speed, and WAIS-III produce the definition more strongly related to reasoning and memory. For the most part, these relations to other broad cognitive abilities accounted for the differential age relations. However, WJ Pic Voc still had a stronger positive age-related growth and stronger negative age-related decline than the other vocabulary tests.
Theories of the Aging of Vocabulary Knowledge
To account for these findings, a theory of the aging of vocabulary knowledge must include one or more cognitive processes that differ across format and are related to age. To our knowledge, only two theories do this: the dual representation theory (McGinnis & Zelinski, 2000) and the spreading activation Transmission Deficit Hypothesis (TDH; James & Burke, 2000; MacKay & Abrams, 1998; MacKay & Burke, 1990) . Under dual representation theory, there are two cognitive representations of vocabulary knowledge, a detailed exact definition and a general gist, similar to the gist-verbatim distinction in memory (Brainerd & Reyna, 1992) .
Alternatively, there may be a continuum of specificity in multiple representations (McGinnis & Zelinski, 2003) . Older adults are less able to generate and access the detailed definition (McGinnis & Zelinski, 2000) , and compensate by relying more on the general representation (Botwinick & Storandt, 1974; Tun, Wingfield, Rosen, & Blanchard, 1998 comes only from the stem of the vocabulary item (word or picture). In multiple choice tasks, however, activation is passed not just from the target word, which weakens with age, but also from the multiple choice options (Burke, MacKay, & James, 2000) . Thus, the age-related degradation of the efficiency of the connections between nodes is more detrimental to production tasks than to multiple choice tasks, a prediction confirmed in some research studies (Verhaeghen, 2003) , and echoed in our results on later life declines on picture identification and produce-thedefinition tasks than on multiple-choice antonym and synonym tasks.
When coupled with the WordNet theory (Gross, Fischer, and Miller, 1989; Gross & Miller, 1990) , TDH also predicts stronger declines for antonym knowledge than synonym knowledge. According to WordNet theory, identifying an antonymous relationship between two words (e.g. hot and cool) involves identifying the direct or exact antonym of the first word (hot to cold) followed by recognizing a synonymous relationship between the second word and the direct antonym of the first (cold and cool). Thus, identifying antonyms requires traversing more links between nodes than identifying synonyms (Charles, Reed, & Derryberry, 1994; Gross et al., Vocabulary Format 15 1989) , and therefore, under TDH, antonym knowledge should be more susceptible to aging than synonym knowledge. This matches our finding that antonyms are more strongly negatively related to age in later adulthood.
Our findings suggest a third possible direction for theoretical development. The differences in age-related trends among multiple-choice synonyms, multiple-choice antonyms,
and produce-the-definition (but not picture identification) were primarily accounted for by differential relations to reasoning or general fluid abilities. Reasoning declines after a peak age of approximately 20, so a vocabulary format more strongly related to reasoning would be expected to grow less during early adulthood and decline more in later adulthood. Our empirical results confirm this expectation: produce-the-definition had weaker early adulthood growth and stronger later adulthood decline, and was most strongly related to reasoning, whereas multiplechoice synonyms grew more rapidly during early adulthood, declined least in later adulthood, and was least strongly related to reasoning. Thus, differences among formats in the necessity or usefulness of reasoning may account for the differential age trends. However, theoretical explanations for why certain formats require or allow for more reasoning remain to be developed. It should be noted that reasoning as a theoretical explanation does not preclude TDH or dual representation, which are at different levels of cognitive representation.
Processing differences
Processing differences among different formats has been a key aspect of cognitive aging research. By developing task manipulations designed to tap different cognitive processes, researchers are able to isolate the hypothesized processing differences. For example, a great deal of research has been dedicated to understanding differences between recognition and recall in episodic memory (Craik & McDowd, 1987) , leading to theories involving processes that are Vocabulary Format 16 differentially related to age (e.g., Craik, 1983) . Limited research has addressed such processing differences in vocabulary knowledge (e.g., Botwinick & Storandt, 1974; Burke, MacKay, & James, 2000; Verhaeghen, 2003) . This study suggests some further directions that may be fruitful, by highlighting differences among test formats in their relations with broad cognitive abilities. These differences suggest that some of the formats require specific processes that are shared with other cognitive constructs. For example, the finding that antonyms knowledge shares more variance with speed than the other formats suggests that antonyms knowledge may require a process that is speed-intensive. A systematic treatment of the processing differences is beyond the scope of this study, but we hope that it will provide an impetus for research addressing a more thorough understanding of the nature of vocabulary knowledge.
Interpretational challenges
Although we interpret our findings as differences between formats, vocabulary test format is confounded by item content. Tests differed not only in format, but also in the particular target words and, for Synonyms and Antonyms, the response options, and our findings may be a result of idiosyncratic characteristics of the item content (Verhaeghen, 2003) . It is not possible to remove this confound, as content necessarily varies with format. For example, the same response options cannot be used for both Synonyms and Antonyms, even if the target words were identical. Item content differences are unlikely to be a major confound, however, as no item on any of the four tests was selected for content. Instead, the items were intended to be an essentially random selection from the large pool of potential vocabulary test items.
A second concern in the interpretation of our findings is the relation between reasoning and the other broad cognitive variables. The higher order factor, which we called General Fluid Ability, was indistinguishable from the Reasoning factor, consistent with Gustafsson's (1984) Vocabulary Format 17 assertion that Reasoning or Gf is identical to a general abilities factor like Spearman's g. As a result, all variance shared among Reasoning, Spatial Visualization, Memory, and Speed was assigned to the GFA / Reasoning factor. This may be caused by our selection of cognitive tasks, which consisted of a majority of reasoning and very closely related spatial visualization tasks, and therefore emphasized variance associated with reasoning. The differential relations of the vocabulary tests to other cognitive variables hold regardless of the exact identity of the higher order factor, although the interpretation of the differential relations to GFA / Reasoning remains somewhat uncertain.
A third concern is that we used two locally developed vocabulary tests: multiple-choice synonyms and multiple-choice antonyms. These tests may have distinctive characteristics that limit the generalizability of our results. The multiple-choice synonyms test was identical in format to such well-used multiple-choice vocabulary tests as the Shipley Vocabulary test (Shipley, 1946) or the Thorndike-Gallup test of verbal knowledge (Thorndike & Gallup, 1944) .
To our knowledge, no standard cognitive test battery contains a test of antonyms knowledge; the format, however, was identical to the synonyms test except for the request for a word opposite in meaning instead of identical. Content of the items on both tests was adapted from a number of sources with no idiosyncratic selection mechanism. Furthermore, dividing the tests into two subtests (odds and evens) and analyzing each separately yielded the same statistical results.
Therefore, we do not expect that our results are specific to these particular multiple-choice tests.
A final interpretational concern is that we used standard scoring procedures for all test formats, and considered effects only at the test score level. There is evidence that, at least on one vocabulary test not included in this study, there may be differential relations with age depending on the particular items considered (Bowles, Grimm, & McArdle, 2005) . We did not find Vocabulary Format 18 systematic differences across items in age point-biserials within any tests, suggesting that the test score is an appropriate level at which to consider differential age relations. Nonetheless, we consider this a topic for future research into the generalizability of both our findings and those of Bowles et al.
Measurement issues
No instrument is either an exclusive or an exhaustive representation of a latent construct.
Rather, there are many ways to measure a construct, and no particular way can completely reflect the construct of interest (Hand, 2004) . Recognizing this conceptual distinction highlights two critical aspects of measurement. First, it is important to identify how each instrument measures the construct and the manner in which each instrument measures the construct differently from other instruments measuring the same construct. Each instrument may require different cognitive processes, and identification of these processes may inform understanding of the construct.
These processes can only be identified and understood in the context of other variables, through evidence of convergence and divergence with other instruments measuring the same construct, and through evidence of convergence and divergence with other constructs. 4 The current study provides an example of this process. 
Practical implications
Despite the importance of employing multiple indicators of vocabulary knowledge, it is often impractical to use more than one. We argue that, although there can never be a pure measure of vocabulary knowledge, multiple-choice synonyms offers the closest approximation.
Synonyms has the highest factor loading on a vocabulary factor (.94). Synonyms is also least different from the other tests; it has the fewest significant differences from the other vocabulary tests in terms of relations to other cognitive abilities. Therefore, it is closest to an 'average' test.
We also suggest that WJ Pic Voc may not be a good choice for a single vocabulary indicator, because of its lowest factor loading (.81), its differential relations to other cognitive abilities, and the unclear source of its differential age relations. Despite Carroll's (1993) claim of "indifference of the indicator" for vocabulary tests, different formats can have different relations to age and to other cognitive abilities. Of the four formats we examined, multiple-choice synonyms, multiple-choice antonyms, and produce-thedefinition had the same age trends after accounting for differential relations to other cognitive variables, primarily reasoning. A theoretical explanation for the differences may therefore include differences in the role of reasoning. Picture identification, however, has a different age trend that is not accounted for by other variables, and may not be a good choice of format when a single indicator of vocabulary is used. Until greater understanding of vocabulary knowledge is relations to age and other cognitive variables than the other memory variables, it was excluded from the analyses.
Summary
2. A model with correlated residuals for Synonyms and Antonyms (i.e., multiple-choice method factor) yielded very similar results. A factor model with the formats residualized on the age functions (age before and after 58) described later was also not appreciably different.
3. Item level data for the calculation of coefficient alpha was available only for approximately two-thirds of the sample that took Synonyms (n = 2432) and Antonyms (n = 2408).
4. There was also no evidence of order effects within tests. Age point-biserials did not differ systematically within test for any format.
5. For analyses addressing differential relations to GFA, the correlation between the Vocabulary factor and GFA was not included in the model. Note. Education refers to the number of years of formal education completed except for those marked with an a, which were classified as 1 for less than 12 years, 2 for high school graduation, 3 for 13-15 years of education, 4 for college graduate, and 5 for 17 or more years of formal education. Health is on a 5-point scale ranging from 1 (excellent) to 5 (poor). 
